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Abstract 
An ecological study of the wood turtle, Cleii!!l!V's insculpta 
(LeConte), was conducted in West Virginia from May 1991 to March 
1993. Population structure at the primary study area (WV #1) was 
estimated to be 46% juvenile (H-8 yrs. old), 26% female and 28% 
male. 
with an aquatic density of 1,980 turtles per Hectare of river and 
a terrestrial density of 22.5 turtles per ha of terrestrial 
habitat. Growth measurements and estimates indicate rapid initial 
growth tapering off at year 8 and gradually declining through year 
16. Males grow slightly faster than females after the sixth year. 
Results of movements indicate that wood turtles utilize a wide 
variety of habitats, including intensively farmed fields. Winter 
hibernation was found to be strongly centered in a single pool of 
the WV #1 study area. Analysis of food habits indicates that 
Total population estimate for WV #1 was 337 wood turtles, 
Terrestrial 
feeding begins with emergence from water in April. 
feeding is probably continuous in spring and summer until turtles 
return to aquatic habitats in October. Reproductive behavior and 
ectoparasites were noted. 
This thesis is dedicated to the Jehovah Elohim God or 
Righteous Creator-in-Covenant God who created all things and is in 
covenant with His people through His San, the Lard Jesus Christ. 
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Introduction 
The wood turtle, Clemmys insculpta (LeConte) is classified in 
the order Testudines, which includes all turtles, tortoises, and 
terrapins. It belongs to the subfamily Emydinae which is primarily 
the New World portion of the family Emydidae, or aquatic and semi-
terrestrial turtles (Iverson 1992). The genus Clemmys includes 
four species of semi-aquatic or pond turtles: ~ marmorata or 
western pond turtle; ~. muhlenbergerii or bog turtle; ~· guttata or 
spotted turtle; and C. insculpta or wood turtle. Both Clemmys 
insculpta and ~· guttata are found in West Virginia. 
The wood turtle, ~ insculpta, ranges from Nova Scotia southward 
through New England to northern Virginia and eastern West Virginia, 
and westward through southern Ontario, New York, northeastern Ohio, 
Michigan, Wisconsin, and northeastern Iowa (Ernst 1972). They are 
moderately sized (200 mm), semi-aquatic turtles with strict habitat 
requirements. Wood turtles require large, clear, flowing streams 
or rivers with sandy and rocky substrates and woodlands and meadows 
in close association (Harding 1990, Kaufmann 1992a). They mate and 
overwinter in water; however, they spend considerable time 
wandering on land in search of food and nest sites (Ross et al. 
1991; Farrell and Graham 1991). The wood turtle has an ornately 
sculpted shell and orange markings on the legs and neck. They are 
docile, rarely shy, and easily captured by hand on land or in the 
water. 
In West Virginia the wood turtle has been reported only from 
counties in the eastern panhandle including Berkeley, Hampshire, 
1 
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Hardy, Jefferson, Mineral, Morgan and Pendleton (WV DNR, 1992) One 
report for Monongalia County (Bond 1931) is generally believed to 
be erroneous. There are a few brief notes on its occurrence and 
description in West Virginia (Czarhowsky 1980, Green 19~8 and 1969, 
and Llewellyn 1940), but the ecology of the wood turtle in the 
state has not been studied. 
Although the wood turtle has a wide distribution throughout 
northeastern North America, it is rarely found in very large 
numbers perhaps due to its strict habitat requirements and unique 
ecology. It is very susceptible to environmental degradation and 
is also highly regarded in the pet trade (DeGraff and Rudis 1981, 
Harding, 1990). Thus the loss of habitat and over collecting of 
this turtle, particularly by commercial collectors, has caused this 
species to decline throughout much of its range (Harding, 1990). 
West Virginia represents the southern extent of the wood turtle's 
range and it is not as strictly protected by law from commercial 
collecting as it is in other states. The purpose of this study is 
to evaluate the ecology of the wood turtle in West Virginia. 
Specific goals include characterization of its habitat, movements, 
growth rates, food habits and population structure. It is intended 
.that present results will serve as baseline data for future 
monitoring of the population status of West Virginia wood turtles. 
Literature Review 
As concern for wood turtle conservation has increased, so has 
research throughout its geographic distribution. In Iowa, Wacha 
and Christiansen (1974) reported a new parasite record collected 
from the intestinal tract of a wood turtle, constitutin9 a new host 
record for the genus Eimeria. In Wisconsin, Brewster and Brewster 
( 1991) studied habitat use of released "head-started" juvenile 
turtles into wood turtle habitat where populations were shown to 
have very low recruitment. Also in Wisconsin, Ross et al. (1991) 
studied home range, population parameters, and habitat use. In 
Michigan, Harding and Bloomer (1979) and Harding (1990) reported on 
movement, habitat use, growth, population characters, reproduction 
and conservation. In Ontario, Quinn and Tate (1991) reported on 
movements and habitat use of wood turtles in Algonquin Park. In 
New York, Carroll and Ehrenfeld (1978) reported on movements, 
capture rates and population characters of wood turtles, and 
Barzilay (1980a,1980b) reported on aggression and homing of wood 
turtles. In New Jersey, Farrell and Graham (1991) conducted a 
broad ecological study on wood turtles which included home range, 
population and growth characteristics, and other aspects of the 
turtle's biology. In Pennsylvania, Strang (1983) studied wood 
turtle movement patterns and Ernst (1986) studied environmental 
temperature effects on activity. Also in Pennsylvania, Lovich et 
al (1990) examined growth, maturity, and sexual dimorphism, and 
Kaufmann (1992a,1992b) examined behavior and habitat use. 
Ectoparasitism has been studied in the wood turtle by Brewster and 
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Brewster (1986) in Wisconsin, and by Koffler, Seigel and Mendonca 
(1978) in New Jersey and New York. Green (1969) and Green and 
Pauley (1987) summerized the distribution of the wood turtle in 
West Virginia. With the recent increase in wood turtle research, 
the biology of this species is becoming better understood 
throughout its range, and local conservation measures can be taken 
with greater focus. 
Materials and Methods 
Observations began along approximately 40 km of the Cacapon 
River which pass through Morgan, Hampshire, and Hardy counties in 
eastern West Virginia (Figure 1). Beginning September 1991, 
through May 1993 collections were concentrated alon9 a 1. 7 km 
section of the Cacapon River which appears to support a relatively 
large population of wood turtles. This primary study area is 
referred to as WV#l and its exact location is intentionally not 
cited to avoid attracting collectors. The general physical and 
biotic features of this area were noted, especially plant 
associations. Wood turtles were collected by hand or dip net along 
roads, floodplains, and in the River and feeder creeks. Searches 
along roads located turtle activity areas which were then surveyed 
on foot. After productive river areas were identified, wading the 
river and tributaries during spring, fall, and winter produced the 
greatest numbers of turtles. 
Data recorded_for each capture included date, location, weather 
conditions, air temperature and water temperature. Sex was 
determined by presence or absence of male plastral concavity and 
position of anal opening. Male secondary sex characteristics 
develop rapidly at carapace lengths between 160 to 170 rom. This 
includes the formation of plastral concavity, thickening and 
lengthening of the tail (with the anal opening beyond the posterior 
edge of the carapace), wider "squared" head, and thicker limbs and 
feet with heavy scales and claws (Harding and Bloomer, 1979). 
Females retain the juvenile characters (Harding and Bloomer, 1979). 
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Turtles were recorded as juvenile, female, or male based on size 
and presence or absence of male characteristics (Figure 2). Age 
was determined by counting annuli on the medial border of the right 
abdominal scute (Figure 3). This has been shown to be a very 
reliable indicator of age up to 15 years old, but beyond that, 
"growth rings" are obscured due to wear (Harding and Bloomer 19 7 9) . 
Age was recorded for hatchling through 16 years. Older individuals 
exhibit unreadable or worn annuli, and growth slows or ceases 
making aging these individuals difficult (Harding and Bloomer 
1979). Weight was determined originally with a triple beam 
balance, but active turtles were difficult to weigh. Later, a 
Terraillon BE3, electronic scale was used to determine weight. 
Carapace length, width, height, and plastron length were measured 
using wooden calipers. The medial border length of each annulus on 
the right abdominal scute was measured to the nearest 0.1 mm using 
vernier calipers (Figure 3). For recaptured turtles only the most 
recent annulus was measured. 
After measurements were completed, each new capture was assigned 
an identification number and so marked using a modification of the 
scute marking system developed by Cagle (1939). In the marginal 
scutes, small holes were made ranging from 3/16 inch drill size in 
larger turtles, down to 1/16 inch for one year olds. The only 
hatchling captured was released without marking due to its 
diminutive size. Of the twelve marginal scutes on each side of the 
carapace, only scute numbers one through three and eight through 
twelve of each side were used for marking. Scutes four through 
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seven are fused to the plastron and severe injury could result if 
they were so marked (Figure 4). A total of 230 turtles was marked 
by this system and recaptures were easily identified. 
Stomach contents of four female and nine male turtles captured 
out of water were examined between May and August 1992. A stomach 
flushing technique utilizing a manual water pump was used (Rowe 
1992). This method tended to flush up a large matted clot in 
turtles with full stomachs. In females this proved to be a more 
difficult procedure than in males due to their smaller head size 
and tendency for blockage during pumping. 
during the procedure and died after 
Subsequently, only males were processed. 
One female hemorrhaged 
twenty-four hours. 
Stomach flushing was 
conducted on three adult males caught in the water, one in October 
and one in December 1992 and another in March 1993. 
For analysis of specific movement patterns in study site WV 
#1, five adult turtles were outfitted with 30g radio transmitters 
(Holohill Systems, Woodlawn, Ontario, Canada). Transmitters were 
attached to the posterior marginal scutes by drilling two 3/32 inch 
holes through which two nylon binding straps secured the brass 
cylindrical transmitter (Figure 5). Beginning in June 1992, as 
sui table adults were available, turtles with transmitters were 
released at their site of capture and tracking continued through 
January 1993. A radio receiver (Telonics model TR2) and 
directional antenna were hand-held and used to track the signal. 
Turtles usually were tracked to their exact location (sighted) but 
on one occasion this was not possible due to high water. In that 
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case, locations were determined using triangulation of known points 
on topographic maps. One radio signal of an outfitted male was 
lost (faulty transmitter?) after only one week of operation, 
leaving the remaining four turtles (two males and two females) to 
be tracked on a weekly basis. one aspect of particular interest 
was the timing of the turtle's shift from terrestrial to aquatic 
habitats in the fall (especially contrasting males and females). 
Prior to capturing suitable specimens for the above study, radio 
transmitters were placed on two gravid females from Back Creek 
(Berkeley County, WV) that were confiscated from commercial 
collectors. The two female turtles were temporarily outfitted and 
tracked from June 30 to July 6 in a river drainage different from 
their home drainage. 
"home" drainage. 
All turtles were later released in their 
In an attempt to observe specific behavior related to 
courtship, several adult turtles, captured during October 1992, 
were placed in an outdoor pen for 1-3 hrs. It was constructed of 
heavy gauge wire mesh ( 100mm squares) and was approximately 2 
meters long by 0.6m wide and 0.6m deep. The pen was placed in a 
small tributary of the Cacapon River so that the entire floor was 
in water about 0.3m deep. 
Growth, as indicated by carapace, plastron, and abdominal 
scute lengths, was analyzed using two methods. One was direct 
measurement by recapture and the other was indirect estimation of 
growth based on increments for various age classes. Age classes 
were determined by counting the number of annuli on the abdominal 
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scute. Means, standard deviations and standard errors were 
calculated for growth increments. The growing season was defined 
as May to October as Farrell and Graham (1991) have shown that new 
growth in New Jersey wood turtles does not begin until early June. 
Growth (feeding) in West Virginia probably begins earlier due to 
its more southern latitude. Present results suggest feeding 
(growth) stops after wood turtles return to their aquatic habits in 
October. 
Population estimates for the major study area (WV #1) were 
calculated for juveniles, females, and males separately and then 
all turtles collectively, using the method of Schnabel ( 1938). 
Population density was calculated and based on river area and total 
area within the study site. Population structure was partitioned 
into adult males, adult females, and juveniles. Chi-square 
goodness-of-fit test was used to determine if the ratio of males to 
females differed from 1:1 in the marked sample.growth rates, food 
habits and population structure. 
RESULTS 
Description of Study Area WV #1 
The Cacapon River flows north to the Potomac River through the 
foothills of the Ridge and Valley Region east of the Allegheny 
Front. The soils of the study area (WV #1) are of the Berks-
Weikert association which are weathered from shale, siltstone, and 
sandstone (Curry 1978). During normal flows, this section of the 
Cacapon River is best characterized as a cool, clear-flowing stream 
with a series of pools 50 to 200 meters in length, 30 meters in 
width, and 1 to 1. 7 meter depth, with short intervening rocky 
riffles about 30 meters long. The river maintains a strong flow 
throughout the year, with flood events occurring normally every 
spring. The pool areas have steep rocky banks and thin soils on 
the western sides. The pools tend to be rocky in the main channels 
and sandy or silty in edge areas where deposition occurs. The 
western side also typically has a series of dry sandy ditches 
parallel to the main channel. These areas are typically inundated 
during flood events. 
The land use in the WV #1 study area is dominated by 
agriculture. Hay production and beef cattle production are the 
dominant practices, with some large corn fields to supplement beef 
production. Some of the pasture and hay fields located close to 
the river support small groves of large black walnut trees (Jugans 
nigra) left by the farmers. These areas are typically not mowed 
for hay; however, they are grazed in both pasture fields and hay 
fields after hay production. These groves create Savannah-like 
1Q 
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overstories with very thick, herbaceous understories. The 
understory is dominated by orchard grass (Dactylis glomerata) among 
many other species of herbs. The immediate riparian areas have 
been left forested due to their unsuitability to agriculture and to 
control bank erosion. The forested overstory is a mix of hardwood 
species 12 to 30 inch diameter at breast height. Sycamore trees 
(Platanus occidentalis) dominate the stand and occur closest to the 
water. Red Maple (Acer rubrum) and yellow poplar (Liriodendron 
tulipefera) co-dominate in forested areas intermediate to river 
bank and agricultural edge, and the outer edge of the riparian 
hardwoods is a mix of Red Maple, black walnut, and hickory ( Carya 
~) among others. The mid-understory is dominated by multiflora 
rose (Rosa multiflora) and spicebush (Lindera benzoin). The 
understory contains a mix of small herbaceous plants such as ground 
ivy (Glechoma ~) and bluebells (Mertensia virginica) in the 
spring. However, by summer, the entire riparian area is dominated 
by reed canary grass (Phalaris arundinacea). This grass grows very 
densely and is only broken in areas beneath dense woody growth of 
multiflora rose or spicebush (Figure 6). 
Population Size and Structure 
A total of 229 wood turtles was marked and released within a 40 
km range of Cacapon River from May 1991 to December 1992 and 104 
recaptures were made during the period of March 5, 1992 to December 
9, 1992. Of these totals, 187 wood turtles were marked and 
released within the 1.7 km section of the Cacapon River in the wv 
#1 study area during the period of September 1991 to May 1993, and 
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all but one recapture occurred in this area. The marked population 
in WV #1 was 46% (86)juvenile, 26% (49) female, and 28% (52) male 
(Figure 7), and the male to female ratio is 1:1 as indicated by 
chi-square analysis (P>0.05). The size structure of the marked 
sample of WV #1 is illustrated in Figure 8. The marked sample had 
59% of the individuals with plastron length greater than 140 mm, 
the upper limit for juvenile turtles. 
The population size at WV #1 was estimated (using the Schnabel 
index) at 200 juveniles (hatchling to 8 yrs, Table 1), 73 females 
(Table 2), and 64 males (Table 3). Therefore these three separate 
estimates indicate a total population of 337 turtles in the study 
area. Using the same recapture data for juveniles, males and 
females collectively, the Schnabel index predicted a total 
population of 287 turtles (Table 4). The water surface area of the 
WV #1 study area is approximately 0.17 ha and the estimated 
population of 337 wood turtles indicates a density of 1,980 turtles 
per ha of river. Movement and habitat use indicated that the land 
area used by wood turtles in WV #1 was 15 ha, which indicates a 
density of 22.5 wood turtles per ha of terrestrial habitat. A 15 
km float-trip survey of the Cacapon River (including the study 
area) in January 1993 revealed that about 60% of this 15 km section 
had riverine habitat similar to the study area and wood turtles 
were frequently sighted. 
Movement and Habitat Use 
The population density as reported earlier was not equally 
dispersed throughout the wood turtle habitat in WV #1 study area, 
13 
especially as movements and habits changed seasonally. This was 
particularly true in the aquatic habitat during winter 
"hibernation" when the population was strongly concentrated in a 
single pool. During fall and spring, 0.5 km of river accounted for 
75% (145) of the marked sample and almost all of the recaptures. 
Turtles were often observed wintering in the river in pools with 
water depths of 0. 7-1.0 meter and steep sandy banks, with fine 
sandy debris deposited near the shoreline. Turtles were observed 
laying dormant on the bottom and partially covered with silt 
October to March when water temperatures ranged, 2-9°C. Wintering 
turtles were also observed in bank undercuts and around exposed 
tree roots with the edge of their carapace showing. Occasionally, 
probing these areas with a wood pole would indicate concealed 
turtles. One particular pool, 100 meters long, 30 meters wide, and 
0.4 meters to 1.6 meters deep, had a very large concentration of 
turtles. During spring surveys (March and April 1992) 80 wood 
turtles were marked and released at this site. During a survey 
from the river bank of this pool in January 1993, 35 turtles were 
counted on the river bottom. During the winter, juveniles were 
almost always seen in an apparent dormant posture; however, males 
were occasionally moving during all cold months. Females were not 
observed moving independently, but they were mounted by males in a 
copulatory position. On January 18, with air temperature of 3°C 
and water temperatures of 1 °C, a pair of turtles were observed 
exhibiting mating behavior. 
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In 1992, warm weather came in early March with air 
temperatures reaching 22°C, and water temperatures 9-10°C. On March 
9, 16 adult turtles were found on land in the riparian hardwoods 
above the main wintering pool. This was followed by a ·cold snowy 
period of 6 days with high air temperatures of 0-5°C and on March 
16 and March 25, 53 turtles were caught or observed in the water 
and no turtles were found out of the water. Warm weather in the 
first half of April, with air temperatures 18°-20°, resulted in 15 
turtles (35%) found on land and 28 turtles (65%) in the water. 
This was followed by another cold spell with an overnight frost (12 
April 1992), and all turtles (60) were found in water the following 
two days. Differences in occurrence were observed between juvenile 
and adult turtles. In March, 76% of the individuals captured were 
adults (41) and 24% were juveniles (13) while in April the sample 
was 32% adult (19) and 68% juvenile (41) (Figure 9). Chi-square 
analysis reveals that the March values differ significantly from 
population distribution estimates (p< 0.05) but April values do not 
(p>O.OS). From April 18 to April 27 flooding occurred and after 
the water had receded on April 29, no turtles were found in or out 
of water (14°C). Apparently they had widely dispersed on land. 
May through September 1991 and 1992, a total of 57 (93%) turtles 
was captured or recaptured on land and only 4 (7%) turtles were 
caught in water. Of three males and one female caught in water, 
all were adults of indeterminant age. 
Overall, capture by month was heavily skewed toward the spring 
and fall (Figure 9) when turtles were in or near the river. At 
--· ----
15 
these times they were still active but concentrated in a smaller 
region of habitat which made collection/observation easier. Female 
capture rates were higher June to August ( 22: 14, F: M) , males were 
higher September to December ( 18:49), and little difference in 
frequency was observed March to April (39:33). This appears to 
coincide with reproductive activity of the sexes. Females are most 
active on land when traveling to nesting sites in summer, and males 
in fall and winter as they search for prospective mates (Harding 
and Bloomer 1979). 
Four radio transmitter outfitted turtles were followed in WV #1 
study area beginning June and July 1992 and individuals were 
roughly located on a weekly basis through October, 1992 (Figures 
10-13). Individuals were outfitted June 9 (female), June 25 
(male), July 17 (male),and July 22 (female) and each was released 
at the woods/field edge, near the site of capture (water 
temperatures: 18-24°C). During June and July, 8 sightings (36%) 
were in overgrown hay fields some with a canopy of black walnut, 12 
sightings (54%) occurred in forested riparian areas, and two 
sightings (single female) were in a cornfield. In August, 3 
sightings (25%) were in riparian hardwood habitat, 7 sightings 
(58%) were in a cornfield (all four turtles), and two sightings 
(single male) were in water. The cornfield used by all four 
turtles was 40 meters and on the opposite side of the river from 
the capture and release site of all four turtles. InSeptember, one 
sighting was in the riparian hardwoods, one sighting in uncut hay 
field, 7 sightings (44%) in water (18-22°C), and 7 sightings (44%) 
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in a cornfield. During this month all four turtles were sighted at 
least once in the water and three turtles at least once in the 
cornfield while the fourth turtle was aquatic every sighting. From 
October to January (water temperatures: 14 to l°C) all sightings 
were in water or on banks adjacent to the water except one male 
sighted October 23, 20m from the river (Figure 11). The two male 
turtles were found in water for the first time on August 14 (water 
temp.: 26°C) and September 23 (water temp.: l8°C). Female turtles 
were found in water for the first time on September 23 and October 
21. Rainfall was higher than normal throughout the summer months 
of 1992, with 2. 7 5 inches in June, 3. 7 inches in July and 4. 6 
inches in August. After periods of rain, turtles with transmitters 
made longer movements farther from the river. The farthest areas 
that these turtles (both males) utilized were uncut hay fields 
about 2 0 0 meters from the river. These fields had very dense 
herbaceous growth, often in association with small groves of black 
walnut trees or drainage ditches. During winter, turtles with 
transmitters were generally dormant on the bottom of the river 
(depth of about 1 meter) or in undercuts of sandy banks and tree 
root masses under water. All four turtles moved locations within 
the same pool from December 9 to January 20 (Figures 10-13), but 
movement was very limited. On two occasions turtles were found 
completely buried in sediment at water temperatures of l0°C in 
October and 4°C in December. 
In general, telemetry indicated that wood turtles show a 
strong fidelity for the study area WV #1. Turtles with radio 
-··-
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transmitters showed no tendency for long-range exploration. The 
only evidence of extensive wandering was an adult male which was 
initially captured outside the study area and not outfitted with a 
transmitter. This turtle was marked and released May 20~ 1992, 4.5 
km upstream of the WV #1 area and was recaptured at WV #1 on June 
9,1992. 
The two female wood turtles that were obtained from Back Creek 
were radio packaged and released in a tributary of the Cacapon 
drainage. Although nesting was not observed, the response of the 
turtles transplanted out of their range was observed. After 
release, each turtle moved continuously in a single compass 
direction. One turtle followed a course which paralleled the 
tributary and was picked up six days later at the confluence of the 
Cacapon River, a straight line distance of l.Skm. The other turtle 
moved . 6km in three days and gained 400 ft. in elevation as it 
approached the dividing ridge of an adjacent tributary of the 
Cacapon River. This turtle was returned to the Cacapon tributary, 
and during the next three days, the turtle traveled directly over 
the ridge on the same bearing, and was caught lkm away in the 
adjacent tributary. Neither turtle's bearing would have returned 
it in a direct compass line to its home drainage in Back Creek. 
Food Habits 
Sixteen turtles were examined for stomach contents between May 
19, 1992 and March 31, 1993 (Table 5). All thirteen turtles in 
terrestrial habitats (May-August) had stomach contents. Earthworms 
were found in six samples and were the major component in three. 
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Arthropods (beetles, millipedes, and slugs) were found in five 
samples and were the major component in three. Vegetation was 
found in nine samples and was the major component in two which 
contained mostly leaves of greenbrier (Smilax). Carrion was the 
major component of three samples, one of which could be identified 
as bird remains. Three samples were taken from male turtles in 
water, in October and November 1992 and March 1993. All of these 
had empty stomachs. 
Growth 
Of 103 recaptures in the study area WV #1, 48 were after 
sufficient elapsed time from initial capture to allow for 
measurable growth (Table 6). The growing season was defined as May 
to October. Direct measurement of recaptures was obtained for nine 
juveniles in five age classes (4, 5, 6, 7 and 8), four adults in 
three age classes (9, 10, 13) and thirty-five indeterminant adults. 
Most of these were measured over a ten to twelve month period which 
included one full growing season. Growth curves were plotted for 
increment increase in carapace length (Figure 14), plastron length 
(Figure 15), and median length of the right abdominal scute (Figure 
16). The curves for carapace and plastron length indicate rapid 
initial growth which tapers off at year 6, and gradually declines 
through years 6-10. The growth curve for abdominal scute length 
(Figure 16) suggests that it may be a poor predictor of total 
plastron growth (Table 6) because growth in the abdominal scute (a 
subunit of the plastron) does not reflect proportionately equal 
growth in the plastron length. The percent difference in plastron 
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length and percent difference in abdominal scute length produced a 
correlation coefficient of 0. 83, which shows they are highly 
correlated. However, this correlation of growth rate comparisons 
is not especially close to 1:1 (correlation coefficient 1.0). 
Growth was estimated by measuring the medial length of each 
discernable abdominal scute annulus of every turtle; thus, each 
turtle gave a composite of its growth for each annulus year. This 
provided a large data set for the younger age classes as each 
"readable" turtle would contribute data (growth history) up to its 
own age class, but considerably less for adults because 
indeterminant age turtles lose most of their annuli due to wear. 
WV #1 had relatively few individuals in age classes 14 to 16 (Table 
7). Annual growth was estimated as the mean increment increase 
between annuli classes. From age 4 through adults, means are less 
than one standard deviation apart which indicates a wide variation 
within each age (annulus) class (Table 7). The resulting growth 
curve indicates an exponential increase for years H (hatchling) 
through 5 and relatively linear increase for years 5 through 12 
(Figures 17 and 18). 
Growth was also estimated using means of carapace, plastron and 
abdominal scute lengths for each age class (determined by growth 
annuli, Table 8). This method of calculation uses each turtle 
within an age class to form a composite (mean) for each measured 
character and calculates the percent change between age classes, 
whereas with the former method each turtle gave a composite of its 
own growth and these were tallied and then calculated for percent 
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change. There was relatively large variation around the mean for 
each age class, even in age classes represented by a high number of 
individuals. After year 5, approximately 95% confidence intervals 
(± two standard errors of the mean) frequently overlap.· Means for 
adjacent years fall within the 95% confidence intervals in five 
cases (years 6, 8, 10, 12, 15). The growth curve estimates for 
carapace length (Figure 19) and percent change (Figure 20) show 
rapid growth in the first two years and a general decline through 
the 12th year when growth becomes very slow. The growth curve 
estimate for plastron length (Figure 21) and percent increment 
increase (Figure 22) is almost identical to carapace growth. 
Abdominal scute length (Figures 23 and 24) again does not correlate 
especially well with either plastron or carapace growth, 
particularly for years 8 and 9. 
When growth estimates are calculated separately for females 
and males the source of high variation within age classes becomes 
more apparent. Mean carapace length is greater for males than 
females from age class 9 (first year of detectable sexual 
dimorphism) through age class 14, and again for indeterminant aged 
adults (Figure 25). With the advantage of measuring past growth 
through the use of the series of annuli measurements, adult male 
and female growth history can be traced back through juvenile 
years. Mean annulus length separated for females and males (Figure 
26) shows that both sexes have similar growth up to age 5, but from 
age 6 to 14, male mean annulus length was higher than females. In 
both the annuli growth estimates and carapace length estimates, age 
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classes 14 to 16 have very small sample sizes (only 2 individuals 
in age classes 14 and 15, and only 1 individual in age class 16) 
making this area of each figure less reliable. 
Turtle weight was compared to carapace length for all turtles 
and the correlation coefficient was 0. 89, indicating a high 
positive correlation. When turtle weight is plotted against 
carapace length (Figure 27), the resulting curve indicates that 
carapace length increases faster than weight until a carapace 
length (CL) of 120mm (age 5) after which weight accrues faster. 
Reproductive Behavior 
Most of the observed mating incidents were of turtles in water, 
or at the water's edge with evidence that the female turtle had 
carried the male from the water. However on September 14, 1991, 
one pair of wood turtles was found about 30 meters from the river 
in a dry sandy ditch. The air temperature was 30°C and the turtles 
were warm and dry. Mating behavior was noted more often in fall 
(September-December) with 19 observations (75%), than in the spring 
(March-April) with 4 observations (25%). Water temperatures were 
usually near 10°C in either season during mating behavior 
observations. Nesting behavior was not observed during the study 
although on June 9 a road-killed female was found with ripe eggs. 
Mating behavior was observed more extensively on October 19 
when two male and two female turtles were held in a wire enclosure. 
In the first trial, one day after capture with water temperature of 
14°C, males aggressively tried to mate with available females. 
There seemed to be a variety of displays and techniques used by the 
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males to force or encourage the females into mating. The males 
seemed to react to females that were directly upstream of them by 
immediately investigating them. Males appeared to "entice" females 
by rocking, stroking, and using head and neck displays. All 
turtles were held in dry containers inside a storage building 
except when placed in the outdoor pen for trials. In the second 
trial 4 days later, males were very aggressive toward other males 
and less so with females, and males did not display any mating 
behavior toward females. An additional male caught in the stream 
during the trial was placed in the pen, and he did not attempt 
mating. 
Ectoparasites 
Wood turtles in the study area were found with adult leeches, 
Placobdella parasitica, attached to the anterior half of the 
plastron. Leeches were often found attached at the borders between 
scales of the plastron, and pitting on the plastron was noted in 
this same area, most often on males. In October, masses of small 
leeches were commonly found on fleshy areas of shell attachment at 
the cloacal area. Leeches were only observed on turtles that were 
found in water. 
DISCUSSION 
Population Size and Structure 
The total population estimate for study area WV #1 is 337 
turtles when each subset of the population is estimated separately 
and then summed. This figure is probably the most reliable 
indicator of actual total population size since each subset has 
different ecological strategies and sampling bias would be 
compounded when males, females, and juveniles are lumped together. 
Turtle density in WV #1 is then calculated as 1,980 turtles per ha 
of river and 22.5 per hectare.of terrestrial habitat. Harding and 
Bloomer (1971) reported a population density of 12.4 turtles per ha 
of total habitat (aquatic and terrestrial) in New Jersey and much 
lower densities in Michigan. Farrell and Graham (1991) reported an 
average population density of 10.7 turtles per hectare of total 
habitat in New Jersey. 
Population structure of the WV #1 population is very similar to 
the New Jersey population reported by Farrell and Graham (1991). 
The New Jersey population consisted of 45% juvenile turtles (H-8 
yr.), 24% female and 31% male, and the WV #1 sample was 46% 
juvenile, 26% female and 28% male. Harding and Bloomer ( 1979) 
reported a Michigan sample consisting of 24% juvenile, 42% female 
and 34% male. 
Movement and Habitat Use 
During the turtles' winter dormancy period from November to 
early March, the population was extremely concentrated in a single 
pool. Other researchers have reported this phenomenon of turtles 
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congregating during winter hibernation (Harding and Bloomer 1979, 
Farrell and Graham 1991), but not to as large a degree as found in 
the WV #1 site. The winter dormancy period reported by Ernst 
(1986) and Kaufmann (1992a) for Pennsylvania wood turtles occurred 
from October or November to late March or early April, and Farrell 
and Graham (1991) report that New Jersey wood turtles are dormant 
from late November to early March. The overwintering behavior at 
wv #1 (which included laying dormant on sandy bottoms, partially 
buried under sand and debris, concealed below woody stems, in tree 
root mass, and in bank undercuts) agrees with reports for wood 
turtles in PA, MI, and NJ (Harding and Bloomer 1979, Ernst 1986, 
Farrell and Graham 1991, Kaufmann 1992a). 
Movements in spring began in March at WV #1, with adults moving 
first followed by juvenile activity about a week later. In the 
early spring wood turtles moved out of water when air temperatures 
warmed to 18 or 20°C, but moved back into water when temperatures 
dropped toward freezing. Kaufmann ( 1992a) described similar 
results in his Pennsylvania population. In May, West Virginia wood 
turtles became almost completely solitary and terrestrial until 
October. This is similar to findings reported by Farrell and 
Graham (1991) for New Jersey turtles. 
During their terrestrial period, wood turtles in WV used a 
variety of habitats in search of food. The forested riparian strip 
bordering the river was first utilized, with turtles soon moving 
into dense herbaceous areas in field edges and under canopies in 
hay and pasture fields. After periods of rain, wood turtles made 
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further movements into fields and open areas presumably in search 
of food. Kaufmann ( 1992a) reported wood turtles using a wide 
variety of terrestrial habitats including a cornfield, with female 
turtles preferring grass-sedge-forb associations. 
In October, wood turtles began returning to their aquatic 
habitats, with males entering these habitats first. Kaufmann 
( 1992a) reported that males spent more time in their aquatic 
habitats possibly to seek mates and/or to establish dominance. 
Food Habits 
Results from stomach analysis suggest that wood turtles in West 
Virginia enter winter dormancy with empty stomachs and do not feed 
in their aquatic habitat from October to March. No other stomach 
sampling of wood turtles during winter dormancy has been reported 
and other research has observed feeding only from April to 
September (Farrell and Graham 1991). 
Wood turtles in WV #1 were only observed feeding on earthworms 
during the study, but stomach sampling showed that West Virginia 
wood turtles eat a wide variety of foods including arthropods, 
vertebrate carrion, and plant material. Earthworms were the most 
common food while other studies have shown plant materials to be 
much more common (Harding and Bloomer 1979, Strang 1983). The 
frequency of earthworms feeding at WV #1 may have been the result 
of an unusually wet spring and summer of 1992. 
Wood turtles were only rarely seen in water May through 
September and no feeding was observed on these occasions. However, 
other studies have reported wood turtles feeding in water during 
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.-unspecified months (Harding and Bloomer 1979) at air and water 
temperatures of 23 and 17.2°C (Ernst 1986). 
Growth 
Growth of wood turtles in West Virginia is initially rapid, then 
tapering off toward year 8, followed by a slow gradual decline 
through year 16, and nearly ceasing thereafter. Lovich et al. 
( 1990) reported similar growth patterns for turtles in 
Pennsylvania. Farrell and Graham ( 1991) reported that growth 
estimates using age class means of plastron length show a marked 
increase in growth at ages 8 and 9 (near plastron length 117 and 
129mm). In the WV #1 sample, no marked increase was measured in 
growth rates at these age classes or plastron lengths. Farrell 
and Graham (1991) found that 32% of their recaptured turtles did 
not show a 1:1 ratio in the abdominal scute length to plastron 
length, thus making scute length a poor estimator of plastron 
length. 
When growth is separated for sexes, a very interesting result 
emerges. Immediately in the growth estimates for carapace length 
at year 9 (Figure 24), when sex can first be determined, males show 
faster carapace growth than females, and this trend continues at 
least to year 13. Lovich, Ernst and McBreen (1990) also reported 
higher growth rates for males after a plastron length of 160mm 
which corresponds to year 9-10 in the WV #1 sample. Growth 
estimates from abdominal scute annuli when separated by sex show 
equal growth for both sexes up to year 5, but accelerated growth 
for males from years 6 to 9, equal growth between years 10 to 12 
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and finally more rapid growth for males after year 12 (Figure 25). 
This pattern suggests that males begin faster growth as early as 
the sixth year. Both Lovich et al. (1990), and Farrell and Graham 
(1991) report large ranges within age classes, which appears to be 
partially explained by differing growth rates between males and 
females. These authors did not analyze growth separately for males 
and females. 
The New Jersey population of wood turtles reported by Farrell 
and Graham (1991) appears most similar to the population sampled at 
WV #1 with regard to population size and structure. However, 
individual growth estimates may not be comparable because turtles 
at WV #1 show a much higher growth rate when comparing age class 
means. Every age class mean is about 20mm larger than the New 
Jersey population even though the age distribution is very similar. 
Even the indeterminant adults are 20-30mm longer than adults 
reported by Farrell and Graham (1991). Harding and Bloomer (1979), 
and Farrell and Graham (1991) both report age estimates of turtles 
up to 20 yrs. In the West Virginia population, estimating was very 
difficult for turtles older than 16 years. West Virginia wood 
turtles may have increased growth rates due to an extended growing 
season. 
Overall, the WV # 1 population appears to have very good 
recruitment, and growth rates when compared to· other populations 
throughout the range. It may have twice as high a density, an 
equally large juvenile component, and a larger size distribution 
than the best comparable populations reported. 
Concluding Remarks 
The purpose of the present study was to characterize the 
habitat, movements, growth rates, food habits and structure of a 
wood turtle population to establish baseline data for the species 
in West Virginia. Although the population at the WV #1 site 
appears to be relatively large and stable, it represents a small 
segment of the wood turtle's reported range in the state. With the 
decline of the wood turtle throughout most of its geographic 
distribution, identification of at least one such highly populated 
area is encouraging. It is hoped that the results reported here 
will be useful in evaluating future trends in the status of wood 
turtles in West Virginia. Future efforts to reduce the harmful 
effects of commercial collecting, highway mortality, an habitat 
alterations will undoubtedly be critical to conserving the wood 
turtle in our state. 
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TABLE 1. Schnabel population estimate for juvenile turtles 
marked and recaptured in WV #1 study area 
MARKED IN 
DATE CAPTURED MARKED RECAPTURED AREA POP. EST. 
09-14-91 1 1 0 0 ERR 
10-18-91 1 1 0 1 ERR 
10-31-91 4 4 0 2 ERR 
03-05-92 0 0 0 6 ERR 
03-06-92 4 4 0 6 ERR 
03-09-92 0 0 0 10 ERR 
03-25-92 11 10 1 10 143 
04-08-92 17 16 1 20 242 
04-10-92 11 11 0 36 440 
04-13-92 4 1 3 47 213 
04-14-92 16 12 4 48 204 
05-06-92 1 0 1 60 190 
05-19-92 0 0 0 60 190 
05-20-92 1 0 1 60 178 
06-02-92 2 2 0 60 189 
06-09-92 3 3 0 62 206 
06-18-92 1 1 0 65 211 
06-24-92 2 2 0 66 223 
06-25-92 0 0 0 68 223 
07-14-92 0 0 0 68 223 
07-17-92 2 1 1 68 216 
07-28-92 1 0 1 69 205 
08-10-92 0 0 0 69 205 
08-19-92 3 1 2 69 191 
08-27-92 0 0 0 70 191 
09-17-92 ·a 0 0 70 191 
09-23-92 0 0 0 70 191 
09-30-92 2 1 1 70 188 
10-15-92 7 5 2 71 195 
10-20-92 2 2 0 76 203 
10-21-92 1 1 0 78 208 
10-23-92 5 4 1 79 217 
12-09-92 8 3 5 83 200 
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TABLE 2. Schnabel population estimate for female turtles 
marked and recaptured in WV #1 study area. 
MARKED IN 
DATE CAPTURED MARKED RECAPTURED AREA POP. EST. 
09-14-91 3 3 0 0 ERR 
10-18-91 2 2 0 3 ERR 
10-31-91 1 1 0 5 ERR 
03-05-92 2 1 1 6 23 
03-06-92 5 5 0 7 58 
03-09-92 6 5 1 12 65 
03-25-92 17 12 5 17 60 
04-08-92 2 2 0 29 68 
04-10-92 7 4 3 31 69 
04-13-92 3 0 2 35 67 
04-14-92 11 6 5 35 70 
05-06-92 0 0 0 41 70 
05-19-92 1 0 1 41 68 
05-20-92 0 0 0 41 68 
06-02-92 2 0 2 41 65 
06-09-92 0 0 0 41 65 
06-18-92 0 0 0 41 65 
06-24-92 1 1 0 41 67 
06-25-92 0 0 0 42 67 
07-14-92 1 0 1 42 66 
07-17-92 1 0 1 42 65 
07-28-92 1 1 0 42 67 
08-10-92 0 0 0 43 67 
08-19-92 0 0 0 43 67 
08-27-92 0 0 0 43 67 
09-17-92 0 0 0 43 67 
09-23-92 0 0 0 43 67 
09-30-92 0 0 0 43 67 
10-15-92 1 0 1 43 66 
10-20-92 0 0 0 43 66 
10-21-92 2 2 0 43 70 
10-23-92 4 2 2 45 71 
12-09-92 4 2 2 47 73 
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TABLE 3. Schnabel population estimate for male turtles marked and 
released in WV #1 study area 
MARKED IN 
DATE CAPTURED MARKED RECAPTURED AREA POP. EST. 
09-14-91 1 1 0 0 ERR· 
10-18-91 5 5 0 1 ERR 
10-31-91 8 7 1 6 53 
03-05-92 2 2 0 13 79 
03-06-92 2 2 0 15 109 
03-09-92 9 5 4 17 52 
03-25-92 9 8 1 22 77 
04-08-92 2 2 0 30 87 
04-10-92 4 1 3 32 72 
04-13-92 3 0 2 33 68 
04-14-92 18 8 10 33 64 
05-06-92 0 0 0 41 64 
05-19-92 1 1 0 41 66 
05-20-92 0 0 0 42 66 
06-02-92 0 0 0 42 66 
06-09-92 1 1 0 42 68 
06-18-92 0 0 0 43 68 
06-24-92 3 0 3 43 65 
06-25-92 1 0 1 43 64 
07-14-92 2 2 0 43 67 
07-17-92 1 0 1 45 66 
07-28-92 0 0 0 45 66 
08-10-92 1 1 0 45 68 
08-19-92 1 0 1 46 67 
08-27-92 1 0 1 46 67 
09-17-92 1 1 0 46 68 
09-23-92 1 0 1 47 67 
09-30-92 0 0 0 47 67 
10-15-92 5 1 4 47 66 
10-20-92 1 0 1 48 66 
10-21-92 5 1 4 48 65 
10-23-92 6 1 5 49 65 
12-09-92 11 2 9 50 64 
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TABLE 4. Schnabel papulation estimate far total number of 
turtles marked and released in WV #1 study area 
MARKED IN 
DATE CAPTURED MARKED RECAPTURED AREA POP. EST. 
09-14-91 5 5 0 0 ERR 
10-18-91 8 8 0 5 ERR 
10-31-91 13 12 1 13 209 
03-05-92 4 3 1 25 155 
03-06-92 11 11 0 28 309 
03-09-92 15 10 5 39 172 
03-25-92 37 30 7 49 215 
04-08-92 21 20 1 79 312 
04-10-92 22 16 6 99 326 
04-13-92 8 1 7 115 278 
04-14-92 45 26 19 116 276 
05-06-92 1 0 1 142 274 
05-19-92 2 1 1 142 274 
05-20-92 1 0 1 143 271 
06-02-92 4 2 2 143 272 
06-09-92 4 4 0 145 283 
06-18-92 1 1 0 149 286 
06-24-92 6 3 3 150 287 
06-25-92 1 0 1 153 284 
07-14-92 3 2 1 153 287 
07-17-92 4 1 3 155 283 
07-28-92 2 1 1 156 284 
08-10-92 1 1 0 157 286 
08-19-92 4 1 3 158 283 
08-27-92 1 0 1 159 281 
09-17-92 .1 1 0 159 283 
09-23-92 1 0 1 160 281 
09-30-92 2 1 1 160 282 
10-15-92 13 6 7 161 284 
10-20-92 3 2 1 167 286 
10-21-92 8 4 4 169 289 
10-23-92 15 7 8 173 292 
12-09-92 23 7 16 180 287 
.... 
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TABLE 5. Stomach sample analysis of adult wood turtles in wv #1 
study area. 
CARAPACE EARTH ARTHROPODS 
DATE LENGTH SEX WORMS LARVAL ADULT VEGETATION CARRION 
05-19-92 190 F + + + + 
05-19-92 192 M + + 
05-20-92 196 M + 
06-11-92 192 M + + + 
06-11-92 208 M + 
06-25-92 190 M + + 
06-25-92 180 F + + 
07-14-92 208 F + 
07-14-92 198 M + + 
07-14-92 175 F + 
07-28-92 198 M + + + 
07-28-92 185 F + + 
08-10-92 199 M + + 
10-15-92 213 M EMPTY 
12-08-92 222 M EMPTY 
03-31-93 187 M EMPTY 

39 
TABLE 7. Total number of annuli measured for all turtles 
with distinct growth rings on the right abdominal 
scute. 
SAMPLE SIZE MEAN 
ANNULUS (# OF ANNULI LENGTH STANDARD PERCENT 
YEAR MEASURED) (rom) DEVIATION CHANGE 
0 128 7.1 1.04 
1 127 10.7 1.29 51 
2 119 13.9 1.70 30 
3 112 16.6 2.10 19 
4 90 18.8 2.52 13 
5 82 20.7 2.83 10 
6 65 22.8 3.21 10 
7 80 25.3 3.40 11 
8 42 27.2 3.83 8 
9 34 29.6 3.71 9 
10 28 31.2 3.41 5 
11 21 32.6 3.11 4 
12 17 34.0 3.03 4 
13 11 34.8 2.68 2 
14 4 33.6 2.97 -4 
15 2 35.1 4.60 4 
16 2 35.4 4.53 1 
I 96 36.7 3.17 4 
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FIGURE 11. Habitat map of WV #1 study area and telemetry 
locations of turtle #75, male. 
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FIGURE 12. Habitat map of WV #1 study area and telemetry 
locations af turtle #311, male. 
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FIGURE 13. Habitat map of WV #1 study area and telemetry 
locations of turtle #285, female. 
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Formal Education: 
. . . 
. . . 
Severna Park Senior High School 
Pittsburgh, Pennsylvania 
• • • • • March 31, 1953 
1968-71 
University of Maryland, College Park, Md. 
Marshall University, Huntington, W. Va •. 
. . . 1971-75 
• 1985-93 
Degrees Received: 
B.S. Fish and Wildlife Management • • • . • • • • • • • • • 1975 
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